Abstract-An exact bit ermr rate (BER) expression, in closedform, for parallel interference canceUation (PIC) with a decorrelator based initial data estimates bas been derived earlier by Verdu [I], for non-fading channels. In this paper, we extend this work to Rayleigh fading channels. Specifically, we derive an ex. act BER expression for a PIC with decorrelator based initial data estimates on flat Rayleigh fading channels. The BER expression is obtained in terms of the elliptic integral of the third kind. It is noted that this BER expression is one of the rare closed-form expressions one can obtain for the BER of a nonlinear multiuser detector.
I. INTRODUCTION
Parallel interference cancellation (PIC) is a multistage, non-.linear multiuser detection scheme that can be used to separate and demodulate signals in a multiuser system [11, [2] . The multistage approach can be used with tentative decisions provided by either the conventional single-user matched filters (MF) or other multiuser detectors (for example, a decorrelating detector. can serve as the first stage of the PIC receiver). Several papers have reported the bit error rate (BER) performance of PIC receivers, based on mainly simulations. Because of the complexity involved in the derivation, exact analytical BER expressions obtained for PIC are rather limited. Even the available exact analytical BER expressions are for simplified system models (e.g., two-user systems, non-fading channels, BER expressions only for the first few stages, and so on). In [2], [3] , exact analytical BER expressions for the first and second stage of a PIC, which obtains initial data estimates from conventionalMFs, on non-fading channels are presented. It has been pointed out that generalizing the analysis for any arbitrary stage in the PIC is extremely complex, which would involve volume integrals over a K-dimensional jointly Gaussian density function, where h ' is the number of users in the system. In [I] (Ch. 7.3.2). Verdu derived an exact BER expression for a PIC, which uses initial data estimates from a decorrelating detector, on oon-fading channels in a two-user system.
In this paper, we present the BER performance malysis of a PIC on Rayleigh fading channels. Specifically, we derive an exact BER expression for a PIC, which uses decorrelator The rest of the paper is organized as follows. In Section II, we present the system model. In Section In, we present exact BER analysis of a PIC with decorrelator as the first stage on Rayleigh fading channels. Section N provides the numerical results and Section V gives the conclusions. 
where
We consider a PIC with decorrelator as the first stage. The initial bit estimates from this decorrelator is used by the second stage of the PIC for interference cancellation. We are interested in obtaining an expression for the BER at the output of the second stage of the PIC.
Let 6y' and iy' denote the bit decisions made by the ith stage for users 1 and 2, respectively. Assuming perfect estimates of the channel coefficients at the receiver, the bit-decisions made 
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We derive the probability of bit error for the kth user at the output of the second stage, P r ) , as follows. Let user 1 be the desired user. The probability of bit error for the desired user,
P y ' , can be written as
The first term in the above Eqn. (9) is easy to obtain, whereas the derivation of the second term is rather involved. The first term in (9) can be written as which results because of the fact that the correct bit decision in the previous stage (i.e., bf' = bz) makes the current stage decision $' independent of bit (i.e., independent of interference). The expectations of the Q-functions in (IO) are w.r.1 the channel fades, which can be obtained as [I] Note that the expression in (1 1) corresponds to the BER expression for the simple decorrelnting detector on flat Rayleigh fading, and the expression in (1 2) corresponds to the BER expression for a single-user scheme on flat Rayleigh fading.
As mentioned earlier, the derivation of the second term in (9) which can he directly computed using the 'EllipticPi' function
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where the second step in (19) is due to [I] (Eqn. 3.61). and
Also, which is one of the rare closed-form expressions one can get for the BER of a nonlinear multiuser detector. It is noted that, because of the symmetry in the PIC receiver structure, the BER for user 2 is the same as (25) with A1 and A2 inter- 
V. CONCLUSION
We derived an exact BER expression, in closed-form, for parallel interference cancellation (PIC) with decorrelator based initial data estimates on Rayleigh fading channels. The BER expression was obtained in terms of the elliptic integral of the thud kind. It is noted that this BER expression is one of the rare closed-form expressions one can obtain for the BER of a nonlinear multiuser detector. . As expected, the PIC performs better than the linear decorrelating detector and the MF detector. Fig. 2 shows the user 1 BER performance as a function of NFR, for p = 0.4 and average SNR, 7; = 10 dB. We observe that both the PIC (with decorrelator as the first stage) as well as the decorrelating detector are near-far resistant, with the PIC performing better than the decorrelating detector as expected. The conventional MF detector however is not near-far resistant (i.e., performance degrades as the NFR is increased).
